ABSTRACT
metalloids, central nervous system (CNS)3 symptoms are not uncommon (1). Even though much effort has been made to identify the neurological disorders resulting from toxic exposure to heavy metals, it is surprising how little has been learned about how heavy metals and metalloids interact with specific areas of the CNS and what protective mechanisms may be localized in the CNS to protect against such environmental insults. The choroid plexus, using active transport mechansims, extracts micronutrients from the blood and manufactures and regulates the CSF. Choroidal epithelial cells have tight junctions that hinder the diffusion of small water-soluble molecules from it to the CSF (2, 3). In addition, the choroid plexus can be likened to a "kidney" for the brain in that it maintains the chemical stability of the CSF as the kidney maintains the stability of the blood. Thus, many metabolites and compounds such as iodide (4), prostaglandins (5), salicylate (6), and cephalosporin antibiotics (7) are transported by the choroid plexus in the other direction, from the CSF to the blood.
There have been suggestions, based largely on autopsy data in humans (8-10) as well as radioautographic and incomplete data in experimental animals (11) (12) (13) , that the choroid plexus may concentrate heavy metals and act as a heavy metal sink. Many of these and other studies have been contradictory (8-11), incomplete (13), and/or have lacked a comprehensive, rigorous analytical or experimental approach (8, 11, 12) . For 
Animals
All rats (male, Sprague-Dawley) at the time they were used were 8-9 wk old (250-300 g). 
In vitro uptake of cadmium by the choroid plexus
The choroid plexus from one side of the lateral ventricle was placed in medium containing 1.5 mM ouabain and in- 
5.
Blood 
Statistics
The student t test was used to compare two means. Differences between two groups were regarded as significant if P values were less than or equal to 0.05.
RESULTS

Sequestering of heavy metals and metalloids by the choroid plexus
The results clearly demonstrated that 24 h after mnjectmon of the heavy metal ions, the lateral choroid plexus contained much higher concentrations of the metal or metalloid ions than did the CSF or brain cortex (Table  1 and Fig. 1 ). For example, the Pb concentration in the lateral choroid plexus was 70-fold greater than in the CSF, inorganic mercury 95-fold and As 40-fold greater (Table 1) . Cd was not detected in the CSF. The Pb concentration in the lateral choroid plexus was 57-fold greater than in the brain cortex (Fig. 1) . Cd was 33-fold greater; inorganic mercury 12-fold, and As 13-fold greater (Table 1) . On the other hand, the concentrations of Hg, Pb, and As in the CSF were 1/76th, 1/13th and 1/12th, respectively, of those found in the blood. The concentrations of Pb and Cd in the lateral choroid plexus were 6-and 13-fold greaten than that found in the blood. The action of the choroid plexus in concentrating these metals from the blood appears to be against a concentration gradient.
When tissues were removed from rabbits 4 h after i.v. administration of 2 mg As/kg, the amount of As in the lateral choroid plexus was 0.279 ± 0.05; CSF, 0.005 ± 0.001; brain cortex, 0.044 ± 0.007, and blood, 0.106 ± 0.02 7 ig/g or ml.
In addition, when rats were given 175 iCi 210Po s.c. daily for 3 days, the radioactivity in the lateral choroid plexus was found to be fivefold greater than in the brain cortex (data not shown).
Pobonium-210 is a daughter of radon-222.
Brain Choroid CSF
Cortex Plexus tissue except for CSF and blood which are gg/ml. Data represent mean ± SE; each experimental measurement was performed on a pooi of 3 choroid plexus; for Pb and MeHg, three such pools (n = 3) were used to obtain the mean of choroid plexus data and a = 4 for all other tissues. For Ccl, a = 3; for Hg, a = 4; for As, a 2 for the choroid plexus and n = 3 for all other tissues. "dl, detection limit. 'HgCl2 was injected. "MeHgCl was injected. a. were administered various doses of Pb acetate (Fig. 2) . Pb concentrations in the brain cortex and CSF, however, were not significantly changed (Fig. 2) . A time study of Pb being sequestered in the choroid plexus showed that during the 24-h period after injection of Pb, the lateral choroid plexus continued to concentrate this neurotoxic heavy metal ion whereas the CSF and brain had much lower concentrations of Pb (Fig. 3) The concentrations of the total free thiol and the LMW-thiol in the lateral choroid plexus were found to be 20 and 61% lower, respectively, than those in the brain cortex (Table 2) . Although concentrations of GSH in the choroid plexus were 2.3-fold lower than in the brain cortex (Table 2) , the concentration of total cysteine (cysteine + cystine) in the choroid plexus was 2.6-fold greater than that in the brain cortex (Table 2) . Moreover, the concentration of cystine in the choroid plexus was fourfold higher than in the brain cortex ( Fig. 1 ). In the case of Cd, even though the blood Cd concentration remained high 24 h after exposure, there was virtually no detectable amount of Cd in the CSF (Table 1 ). The action of the choroid plexus in concentrating these metals from the blood appears to be against a concentration gradient (Table 1, Fig. 1 ). In addition, our findings ( in vitro. The lateral choroid plexus was preincubated with 1.5 mM ouabain at 37#{176}C for 15 mm and then CdCi2 was added to a final concentration of 50 ig Cd/mI (0.1 1jCi of '#{176}9Cd). The incubation was continued for 10 mm, after which the radioactivity of the tissue and medium was counted. Control: same incubation but without ouabain. TIM, cpm in 1.0 mg protein of tissue divided by cpm in 0.1 ml of incubation medium. Data represent mean of four separate measurement ± SE. *p < 0.05.
also be due to the uptake of metal ions by the choroidal epithelium from the CSF. Ouabain inhibited the uptake of Cd into the choroid plexus (Fig. 4) . This indicates that an energy-required mechanism might be involved in the uptake of metal from the CSF side of the choroid plexus. Finally, what are the consequences of heavy metals accumulating in the choroid plexus? Is there a threshold above which the capacity of the choroid plexus is exceeded or saturated? At the dose of 27 mg Pb/kg, the accumulation of Pb ions in this tissue seems saturated (Fig. 2) Cancer Institute grant CA-49252.
